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Tripling the Data Set for the HyperCP Experiment
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H. A. Rubin, B. Turko, and P. Zyla

Abstract—FNAL E871 (HyperCP) collected over 38 terabytes of spill every 61 s to 40 s of spill every 81 s. This change
of data during the 1997 fixed-target run at Fermilab. The data- necessitated an upgrade of the DAQ system. By incorporating
acquisition (DAQ) system wrote data to tape with a typical rate 5 hangfy| of custom modules into an existing 21 000 channel

of 13 MB/s. A second data collection period in 1999 allowed for dout t ble to double the dat te at minimal
the collection of a further 82 terabytes of data. However, changes readout system we were able 1o double the data rate at minima

in the spill structure and an increase in primary beam intensity COSt. This paper rationalizes the upgrade, provides an overview
necessitated an upgrade of the 1997 DAQ system. The 1999 run ofof the upgrade and gives a road map from the original DAQ to

HyperCP featured a DAQ system which recorded data on 20,421 the final DAQ. The technical details of individual electronic
8 mm tapes at a sustainable rate of 27 MBJs. The rationale and oqyles (including schematics and logic diagrams) as well as
methods for this upgrade are detailed within. g . o -

o o other specific operating principles are listed elsewhere [5].
'ndeXhTermS—ACqU's'“O”v data-acquisition (DAQ), E871, Hy-  The HyperCP spectrometer is shown schematically in Fig. 1.
perCP, hyperon. Anintense unpolarized beam of charged hyperons was produced

at 0 degrees by 800 GeV protons striking a metal target, with the
|. INTRODUCTION secondaries momentum-selected by means of a curved magnetic

. e channel (the collimator) set to 160 GeV/c with a 25% FWHM
HE alpha parametery) for a given decay specifies the de- ; . .
: o ) : momentum bite. Following a 13-m evacuated decay pipe, the
gree to which parity is violated and is observed in the an- . . .
S . . .~ hyperon decay products were detected in a high-rate magnetic
gular distribution of the daughter particles. Differences in th . L .
Spectrometer using multiwire proportional chambers (MWPCSs).

_mea;ured values_ of betwgen a particle and its antlpar_t|cle|.0 switch between hyperon and antihyperon running, the polar-
is evidence for direct CP violation. The HyperCP expenmemes of the hyperon channel and analyzing magnets were re-
(FNAL E871) is searching for CP violation in the decays of cas-

cade E-, =+) and lambda®, A°) hyperons [1]. The goal is versed, selecting either positive or negative secondary beam.

T intai I in th iff I h
a measurement of the asymmetry para [2] to a preci- 0 maintain equal rates in the detectors, different target lengths

sion of order 10, which is two orders of magnitude beyondthé’vere u'sed for th? two modes. This apprqach also re;ulted n
g - o hearly identical trigger rates between positive and negative run-
most sensitive current limit [3]. A precision measurement at thr'ﬁng

level requires over two billion fully reconstructed decays. Ac- A simple triager was emploved to minimize potential svs-
counting for trigger efficiencies, this translates into more the}n P 99 ploy b Y

100 billion events digitized and recorded onto magnetic tapt(%matIC effects that might mimic a CP asymmetry. Our primary

. . o S ysics trigger (“cascade trigger”) required a coincidence of at
In order to achieve this goal within the allotted running time, %ast one particle on the right of the spectrometer with at least

high-rate, high-bandwidth data-acquisition (DAQ) system was . ; . i (i

built and operated by the HyperCP collaboration. one :)n the_left._Trys was done using the same-sign (pion)

. and “opposite-sign” (proton) hodoscopes, which were located

The first run  of HyperCP took place between ufficiently far downstream of the analyzing magnets that the
March—September 1997. This run accumulated 38 teraby%es y yzing mag

of data on 8980 data tapes, corresponding to 0.8 billigrqown and pions from the hyperon decay were all separated

reconstructed cascade decays. The DAQ system for the 1 g7 the secondary beam. To suppress muon and low-energy

fixed target run (Run |) is detailed elsewhere [4]. A secondaCkgroundS’ the cascade trigger also required a minimum en-

fixed target run in 1999 (Run II) was approved by Fermilabe'rgy deposﬂmthe hadron calorimeter. Nevertheless_, the trigger
. " rate was dominated by background due to interactions of sec-

however, the running conditions were changed from 19 S : : )
ondary beam particles with the spectrometer material. The muon

detection system consisted of proportional-tube planes inter-
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Fig. 1. The HyperCP spectrometer as implemented during Run Il. The plan view includes an overtay deaay. Note the difference between the horizontal
and vertical scales.

The Run | data-to-tape rate was typically no more than 13 MBRun | readout time (deadtime) was proportional to the number
limiting the instantaneous rate of data collectionto 42 MB/s. Th## hits recorded per event, which was proportional to the pri-
data collected during the spill were stored in a buffer (called tmeary beam intensity and spill quality. The distribution of event
event-buffer or spill-buffer) and written to tape on a continuousy event readout times was asymmetric, typically ranging from
basis (independent of the spill cycle). Given these rates, the min5 .:s to 10.:s or more. The average readout time per event was
imum required spill-buffer was 500 MB in size (the actual siz8.5 us. The live fraction (defined as the ratio of events written
of the spill-buffer was 960 MB). The average event size was 6@ tape to the total number of triggers formed) for Run | was
bytes. The maximum allowed inhibited trigger rate was thus T@pical about 70%.
kHz. Sustained average data rates greater than 13 MB/s resultethe requested primary beam intensity during Run | was typi-
in the accumulation of data in the spill-buffer across spill cyclesally 7.5x 10° protons on target per second of beam extraction
To prevent corruption of the data, triggers were inhibited whe(the average beam intensity delivered was abowtl6” pro-
everthe spill-buffer reached 98% of capacity, causing a reductimms per second). This rate resulted in an instantaneous data rate
in the front-end live fraction and effectively limiting the averag@ear 42 MB/s, equal to the maximum capability of the DAQ.
rate of data collection to 13 MB/s. The DAQ wrote tape continuously and the event buffers were
While digitizing spectrometer data, the front-end latch systerarely empty. An increase in the number of events written to
inhibited future triggers and was thus dead to new events. Tiage required either an increase in throughput or a decrease in
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the average event size. It should be noted that a decrease in TABLE |

the deadtime alone would not have significantly increased the PROJECTEDMINIMUM DATA-TO-TAPE RATE AND SPILL-BUFFER SiZE
. . . FOR THE GIVEN TRIGGER RATE AND EVENT SIZE, ASSUMING A

number of events written to tape since the throughput bandwidth bty Factor oF0.5. THE LISTED TRIGGER RATE REFERS TO

was already fully occupied. We ran during Run | with all avail-  LivE TRIGGERS THE EVENT SIZE WAS AN ESTIMATE BASED ON

able bandwidth and would have used more had it been available, _RUN | DATA AND INCREASED DUE TO THEHIGHER MWPC
q\/lULTIPLICITY ASSOCIATEDWITH INCREASED SECONDARY BEAM RATES

(* INDICATES DATA COMPRESSION

Ill. UPGRADEDESIGN GOALS Trigger Rate | Ave. Event Size | Data-to-Tape | Min. Spill-Buffer

The purpose of the HyperCP spectrometer and DAQ syster 50 kHz 550 bytes 14 MB/s 0.56 GB
was to digitize and record as many charged cascade and an 75 g, 600 bytes 23 MB/s 0.92 GB
_cascade dec_ays as p_055|ble. The _numb_er of produced hypera 100 Kiz 650 bytes 33 MB/s 152 GB
increased with the primary beam intensity; however, the even
size, trigger rate and deadtime also increased. Furthermor: 120 kHz 700 bytes 42 MB/s 168 GB
the yield of useful, reconstructable cascade decays per casca 30 kHz 400 bytes* 10 MB/s 0.40 GB
trigger was found to drop with increasing primary beam 75 kHz 430 bytes* 17 MB/s 0.68 GB
intensity. In general, optimum running conditions (determined 10 kHz 460 bytes* 23 MB/s 0.92 GB
from offline analysis of data collected under various running ;54 141, 490 bytes* 29 MB/s 118 GB

conditions) called for a primary beam intensity neax 90°
protons on target per second, which was a rate beyond the
capabilities of the original HyperCP DAQ system. Furthermore, AMong various other minor improvements was the change
following the 1997 fixed target run, the Beams Division a0 a fast gas mixture (CF4-isobutane) in all but one MWPC. In
Fermilab announced that the duty factor for the 1999 fixekP97, only the four upstream chambers used the fast gas. This
target run would change from 19 s of spill every 61 s to 40&1ange enabled us to tighten the latch-gate timing thus reducing
of spill every 80 s. A duty factor of 0.5 implied a reduction irfhe number of out-of-time hits. The most significant change
the maximum instantaneous data rate to no more than 26 M#g<sthe spectrometer, however, was the movement of the target
(corresponding to a primary beam intensity of about 50’ with respect to the collimator entrance. Detailed studies of the
protons on target per second of extracted beam), assuming ¥ ! data indicated that the target was not correctly positioned
changes to the HyperCP spectrometer and DAQ system. along the central orbit of the collimator. The target was therefore
An upgrade of the DAQ system was necessary to maximigeoved both horizontally and vertically with respect to the colli-
the number of useful physics events written to tape durifgator entrance. As such, correlations between the primary beam
the 1999 fixed target run. Our first goal was to double th8tensity, event size and trigger rates changed between Runs |
data-to-tape rate to accommodate a doubling of the primayd Il.
beam intensity (over what would have been possible without
any upgrades). Assuming our first goal was meet, we also V. FRONT-END UPGRADE
resolved to decreased deadtime as much as possible, leading t@eorganization and Additional Channels

a corresponding increase in the number of triggers written to distinct latch " loved during the 1997

tape. Additional goals included a decrease in the average even-EW_l_oh Ilglérll/cl atc Sf ems we(;e elmp;yed d.”f'.”g he

size and an increase in the spill-buffer size. The minimuf": ' "€ sy_stem[ ]wa_ls usedto latch and digitize the muon
Sfgtion data, while the Nevis latch systemas used for every-

required data-to-tape rates and spill-buffer sizes are shown it lse. Data f h A ¢ al P
Table | as a function of the total trigger rate and average ev leng cise. Dala Irom these systems were sent along 1ive par-
}el data paths linking the front-end with the spill-buffer (sit-

d
size. Notice that a spill-buffer rade was necessary only 3
12 ! prtbu {Pg W y ony Eted with the VME event-building and tape-writing system).

high trigger rates and the minimum required data-to-tape ré‘r} . 4 . 7
gh trigg g P e FEM and Nevis systems were incompatible resulting in un-

decreased with decreasing event size. balanced data paths. The collaboration decided to standardize
the front-end latch system by expanding the Nevis system to

IV. SPECTROMETERCHANGES include the muon station. Furthermore, as discussed above, an

%jditional 988 MWPC channels were instrumented and needed

1997 and 1999 runs. Chamber C9 (a chamber originally itnq%e read oqt. Consequeqtly, four additional Nevis system latch
. ; 2 _crates were installed and instrumented for the 1999 run. There
tended to be used as a spare) was installed and partially insffi

mented for the 1999 run, resulting in 988 additional MWP as insufficient time and money to produce new crates, so old

e and less reliable units were used to instrument the additional
channels. The proton hodoscope was modified and a new beaw— . i . .
annels. Finally, the entire Nevis system was reorganized to

hodoscope was added downstream of the muon station. In a&dl—

tion, a 32-bit time-stamp and a 16-bit flag module were adgdifrease path balance, thereby increasing overall readout effi-

to the readout stream. In total, the 1999 run encoded data frglr%ncy' A detailed description of the Nevis system as employed

19684 MWPC channels, 832 muon station channels, ten 14-bitoriginal design by F. W. Sippach, Columbia University Nevis Laboratories,

ADCs (stored as 16-bit data words) and 288 bits of fixed-form#yington. NY 10533 circa 1970. UpdatedkjorfaSt readout by F. b Sipp";‘fh a’:jd
. .. yH. Cunitz, Columbia University Nevis Laboratories, in 1981. The Latch Cral

data. The muon and MWPC hits were encoded as 16-bit dgfagn was updated from ECL 1 to ECL 10000 by J. A. Crittenden and D. N.

words. Kaplan in 1984.

The spectrometer remained relatively unchanged between
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Fig. 2. An overview of the readout configuration used during Run II.

during Run Il can be found elsewhere [5]. An overview of thén particular, the conversion time required by the ADCs), the
readout configuration is shown in Fig. 2. various readout crates functioned asynchronougy, feadout

of data into the BEs did not occur simultaneously throughout

the system). During the 1997 run, the Trigger-Hold signal was
B. Deadtime Reduction generated through a logic OR of the encoder Busy lines. Due

to the asynchronous nature of the readout, a 300 ns delay was

The emphasis of the front-end hardware upgrade was to ggtded to the trailing edge of Trigger-Hold to prevent holes. Fur-
duce deadtime and event size and to re-package the raw datmore, during Run |, data from different events mixed when-
for more efficient event building. The chief method for deadever an encoder missed or received an extra Start pulse (due
time reduction was the implementation of new encoders with a glitch). The Trigger Release Module (TRM), a new design
internal buffering. The old encoders required one readout-clofd¢ Run |1, streamlined Trigger-Hold, reduced overhead associ-
cycle per latched hit. The new buffered-encoder (BE) read agfed with releasing the trigger inhibit, provided error trapping to
entire latch card per clock cycle, storing the 32-bit hit pattern {syevent mixing of data between events and increased diagnostic
256-deep, 7-ns CMOS FIFOs. Readout clock cycles were savgghabilities with regards to the latch readout. The TRM saved
whenever a card had more than one hit. The number of clogout 400 ns in deadtime per event and successfully prevented
cycles required to read out the latch system was reduced on @ta mixing between unrelated events.
erage by a factor of 2.7. During Run |, front-end buffering oc- We had hoped to reduce deadtime further through a reduction
curred after the encoding of latch hits. Furthermore, encodifigthe latch-clock period; however, we had to increase the clock
and buffering had previously been done via two separate mgsériod from 75 ns to 85 ns instead. Although newly manufac-
ules. The BE replaced these with a single unit, thereby simplirred crates can function reliably with a 50-ns clock period, the
fying the system. HyperCP latch system relied upon an assortment of crates man-
Triggers were inhibited during readout by a “Trigger-Hold'ufactured at different times for various experiments. Therefore,

signal. Due to variations in signal-cable lengths, detector posi€lock period of 85 ns was chosen based on the reliable perfor-
tions within the spectrometer and differing setup requirementsgance of the slowest crate.
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The BEs and TRM met all expectations for reliability and>. Data Format
performance. During the 1997 run, the average deadtime pehg previously mentioned, data were split between five par-
event was about 3.6s with significant variation from event to 56| paths, thus a complete event consisted of five separate event
event. Despite the increased channel count and the increasgdBments. Event fragments consisted of a variable number of
the readout clock period, the observed deadtime per event duridpit qata words, the first of which was always a 32-bit path
the 1999 run was roughly constant at about As7(the ADC  heqqer (identified as a header by the first four bits). The header
readout time was fixed at 1/ per event), resulting in a factor .o ntains a four-bit flag indicating the data type (Run | versus
of 1.33 more events to tape than would otherwise have b&gQ), || compression or no compression, FEM or Nevis), the
possible (assuming no changes to the Run | front-end). Further, pit Event Synchronization Number (ESN) for the fragment,
significant reduction in the observed deadtime required eithefa, qata path number and a 16-bit byte count for the entire frag-
reduction in the clock period (a 50-ns clock period would havgent Following the header would be the fixed-format data (see
reduced the deadtime by 280 ns) or faster ADC chips. Section 1V) (within one path only for Run I and within two
paths for Run I1). The complete list of encoded hits followed the
fixed-format data (see Fig. 3). Aggregation was also conducted
C. Increasing Data Capacity path-by-path resulting in super-event fragments. An example of
a super-event fragment is shown in Fig. 3.

Encoding hits saved data space since the average hit density
throughout the latching system was less than 1 hit per 100 ch&n-Event-Buffer Upgrade
nels. Active (i.e., nonzero) bits were encoded into 16-bit wordsIn order to allow for a larger spill-buffer, a set of five auxil-
with five bits used for the channel number, five bits for the sladry VDAS Crates [6] were recommissioned from other experi-
number, and four bits for the crate number. Two bits per wordents and installed in the DAQ area. Each of the new crates was
went unused during Run I; however, these bits were used duripgred with one of the existing crates to produce an increase in
Run 11 to differentiate standard 16-bit latch words from commemory capacity. The VDAS input—output (I/0) module in the
pressed eight-bit offsets (see below). existing crate required modification. A daughter board was pro-

The Compressor module (CM) was designed to reduce m@ced that plugged into eXiSting IC sockets. With the daughter
event size by Compressing consecutive encoded hits with @f:lrd inSta”ed, the revised I/O board linked the two crates ef-
arithmetic difference less than 192 into 8-bit offsets with respel@ctively into a single unit. The presence of data within the up-
to the previous data word or offset (offsets between 192 affeam crate above a minimum threshold triggered the down-
255 were disallowed in order to differentiate compressed d&#eam VDAS to siphon data. This allowed for a seamless up-
words from standard data words). There was no limit, other théfade. Additional memory modules were required to fill the
crate boundaries, to the number of consecutive compressed Hig crates. Older VDAS memory modules were found and up-
Compression reduced the encoded data size by 40%. The ovéteaded to 16 MB per board by replacing the old 256 KB SIMMs
event compression was 30% including header words, ADC d#f§h 1 MB SIMMs. As with the compression feature discussed

and other nonsparse data (which were not compressible). above, the additional memory was not required during Run II

Compression (i.e., smaller average event size) was pursfi‘é;‘cﬁi thus the event-buffer upgrade was never fully implemented.

in anticipation of higher trigger rates and as a hedge with re-
gard to the final data-to-tape rate; however, for the trigger and
data-to-tape rates observed during the run, compression of thgvent building and tape writing were conducted within a
raw data would not have appreciably increased the total numRaviE based system [4], [5] using MVME 167 processors.
of events collected. Consequently, to avoid unnecessary cdbata were read from the VDAS by the Event Buffer Interface
plexity, the compression feature of the CM was not used duriggBl) and then passed across the VME backplane to the
the bulk of HyperCP data collection. A version of this compregrocessors. During Run |, assembled events were written to
sion algorithm was implemented in the off-line analysis cod@pe using Ciprico RF 3573 SCSI interface moddleShe
repacking raw data for storage on data summary tapes. VME processors and Cipricos communicated via the VME
A second feature of the compressor module was event agds&ckplane; consequently, event building and tape writing
gation. The compressor aggregated events into “super-evenggmpeted for use of the backplane. Backplane contention was
The number of events per super-event (aggregation count) wdifninated during Run Il by writing to tape directly from the
set to ten, although a switch on the compressor permitted aiyME167 processors, thus freeing the VME backplane to be
number between 1 and 127. Event aggregation allowed {gsed exclusively for event building. Increased data-to-tape rate
more efficient use of VME-back-plane bandwidth during eventas also achieved by upgrading the EBIs.
building (large data transfers are more efficient than small
ones). The compressor boards were capable of operatingainEast EBI

fo.ur modes: no cqmpression an.d no a'lggregation, compressioq.he EBI was a custom VME design providing VME access to
\(/:v(;tr?]OL:(ta s:%?]re\,%ﬁgog, arlgg;?i%z:\]tlogv(\al\:]l:hgm rgog?[irgsss;gné q ;e data stored within the VDAS. Each VDAS crate was bused

omp . ggregation. 9greg piay toqone EBI in each of the event-building VME crates. The bus
significant role in the increase in the data-to-tape rate observe

between the 1997 and 1999 runs. 2Ciprico, Incorporated, Chanhassen, MN 55317 USA.

VI. VME HARDWARE UPGRADE
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Nevis-Latch Data Format used during 1997 Run

v

« 32-bit Header Word
[Header ID E Data-Type f ESN E Path # E Total Event-Fragment Byte Count |

I Fixed-Format Data (not present in all paths) |

<——— 16-bit Latch Data Word ——————»4——— 16-bit Latch Data Word ———»

51111 oe:is Slot # E Channel # | Crate # ESIS‘;;E Slot # E Channel # |

| Crate #

<+— 16-bit Latch Data Word ————»<——— 16-bit Latch Data Word ———»
 Not » : Not »

| Crate # Used Slot # E Channel # | Crate # | Use dE Slot # E Channel # |
°
.
.
< 32-bit Header Word >
Header ID : Data-Type :  ESN ! Path# Total Event-Fragment Byte Count

Nevis-Latch Data Format used during 1999 Run
< 32-bit Header Word
| Header ID s Data-Type E ESN E Path # E Total Super-Event Fragment Byte Count l

v

| Fixed-Format Data (not present in all paths) l

<4—— 16-bit Latch Data Word ———»<¢——— Compressed Data Words —————>»
| A“ E Crate # E Slot # i Channel # 8-bit offset 8-bit offset |

[16-bit Data Word Identifier

Event #2 starts here

| Event Separator e Fixed-Format Data (not present in all paths) J

<«+— 16-bit Latch Data Word —»
| Fixed-Format Data E 11 E Crate # E Slot # E Channel # 5 8-bit offset |

Fig. 3. Examples of the Run | and Run Il data formats expressed in 32-bit data words. Note that compression was not universal throughout Run I1.

protocol was RS-485. Bus access was restricted to one EBktabbe pulse and the latching of the input cable. The upgraded
a time through the use of an electronic token passed from d&Bl (fast EBI) had a delay length of 192 ns, which was 120 ns
EBI to the next using front-panel lemo connectors. The EBI seless than the delay implemented during Run I. The distance be-
a strobe pulse to the VDAS requesting data if in control of theveen the VME and VDAS crates was reduced along with the
bus and addressed by a CPU for a data transfer. Data on ¢hble length in order to accommodate this increase in speed.
bus were latched after a fixed delay time. The EBI converted

the data to VME protocol and output the data along the VMB. Direct Tape Writing

backplane to be stored by the CPU within the event-building Direct SCSI tape writing from an MVME167 processor re-
buffer. This cycle continued until the data request was sati

. . ) uired the installation of MVME712 communication modules
fied. The DMA setup time was approximately 13; conse- &

" Il data t f nefficient. Event t_mounted along the VME backplane (one for each CPU). The
quently, small data transfers were ineficient. vent aggregatige-g port on the MVME712 was used to connect each CPU
improved overall efficiency by increasing the effective size i

hree Exabyte 8705 tape drives he pre-existing Exabyte
the average event fragment (by a factor equal to the agyregans tape drives (a bank of 40 drives was used during Run 1)
tion count). Aggregation also decreased the relative variati

- ) ere obsolescent, worn, and too slow for our needs. We replaced
between super-event fragments, contributing to increased

. . . : . em with new 8705 tape drives rated at 1 MB/s each. A bank
ciency during multi-crate operations. The fast EBIs increased

event-building speed by reducing the time between the VDAS*Exabyte Corporation, Boulder, CO 80301 USA.
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Fig. 4. VME hardware configuration during Run II.

of 27 drives was used during the 1999 run, for a maximum tapee to five crates. Fig. 5 shows the processes running on the
rate of 27 MB/s. The Run Il VME hardware configuration iyME CPUs. The Data Handler and Tape Spinner processes

shown in Fig. 4. were run on each CPU, with one Tape Spinner process for each
tape drive. The Data Handlers and Tape Spinners were loaded
VII. VME SOFTWARE UPGRADE and started during the CPU boot sequence, along with various

A. VxWorks DART objects used to facilitate communication with the run

] i ) ) control process running on the host SGI computer. The Lis-
Direct SCSI tape writing necessitated upgrading thgner processes, one per Data Handler, were spawned during
MVME167 operating system to VxWorks version 5.3.This = oyecytion of the DRC Start command. The Listener processes

version of VxWorks was not supported for SGI host Cornpl"terr%anaged event building within the crate and facilitated com-

Unfortunately, the HyperCP DAQ software was based on trPr?unication with the DRC program. Communication between

Fermilab DART [7] standard, only supported for an SG| hosﬁﬁe Listener and Data Handler was conducted through a direct

The. VxWorks .5'3'1 kernel was buiit on a SUN workstation an ocket connection, while the Listener communicated with DRC
copied to a directory on the SGI host computer. Fortunate

. . a a socket connection managed by DART processes runnin
VxWorks version 5.3.1 was backward compatible so the DAR 9 y P 9

. ) . n CPU 1. The Data Handler and Tape Spinners communicated
and HyperCP DAQ software did not require porting to the SUI}?hrough global variables. The Sampler process provided packets

B. Software Architecture of raw data to the DART Hoist program for use by online mon-
. . itoring programs.
Direct comparisons between the Run | and Run 1 software Each Data Handler assembled events using three circular

are difficult since the event building, tape writing and errorharE)-uf_fers Each circular buffer consisted of twenty-five 64-KB
dling routineswereallcompletelyrewrittenforRunII.ThegenBIOCkS.' The block size was stipulated by offline software

eral architecture, however, remained the same. The Data Hap- : )
. while the number of blocks per ring was set by the available

dler routines accessed the raw data through the EBI. Event frag- :
mory on the CPU module. A block was tagged as full if,

ments from each data path were assembled into complete even . .
P P 2 the end of a complete super-event, it contained more than

within a buffer and then written to tape. The overall processwgi KB. Should an unusually large super-event attempt to

managed by the DART Run Control (DRC) program running on . )
the host SGI Indigo computer. exceed the 64-KB block size, the block was discarded, along

with the current super-event. Events were never written across
C. Event Building and Tape Writing block boundaries. Blocks were filled sequentially; however, the

The event-building software structure was designed arou'r?gta Handler would switch among circular buffers depending

modular VME crates. allowing the svstem to work with fro upon which buffer had the greatest number of free blocks.
’ 9 Y MEach circular buffer had an associated Tape Spinner process

4wind River Systems, Alameda, CA 94501 USA. which ran in parallel with the Data Handler. Each Tape Spinner
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worked sequentially around its circular buffer, writing data to . CPU 1 CPU 2 CPU 3
single tape drive. If the current block was full, the Tape Spinne
wrote that block to tape and marked the block as empty. It the

Listener 3 - - Data-Handler
Listener 2 --——— Data-Handler

proceeded to the next block. If the current block was not ful Listener 1 <:'

the Tape erter waﬁed until the bI.ock was full. .If a tape drive Data-Handier Tape-Spinner 1 Tape-Spinner 1

or Tape Spinner failed, the associated buffer simply filled ar Tane.S ; Tape-Spinner 2 iape-gpinnerz

i ape-Spinner Tape-Spinner 3 ape-Spinner 3

was therea_fter |gnore_d. _ Tape-Spinner 2 pe-Sp pe-op
Tape Spinners maintained a counter of the number of byt Tape-Spinner 3 Sampler Sampler

written to tape, setting a global variable should the counter el gampier /

ceed 4.3 GB (i.e., near the capacity of the 8-mm tape mec 'S

used). During event processing, the Data Handler checked v PART Packages

value of th',s Va”ab_le’ reporting to the Listener V\{her! a}'.[ape WE]E. 5. Configuration of the processes running on each VME CPU during Run
full. The Listener in turn reported to DRC, which initiated a.
DRC Stop command.

Much of the software was automated. The Tape Spinner and e e
Sampler processes were restarted (if necessary) as a part of the I Average Events—to—Tape Rate
DRC Init command. Most data errors trapped by the online I
monitoring programs were cleared by executing the DRC Pause
command followed by the DRC Resume command. CAMAC
function calls tied to DRC commands were used to hold trig-
gers, reset critical hardware and release triggers. Buffers were
automatically cleared at every DRC Initialize or Resume. The
software was designed to require a CPU reboot only if a Data
Handler or the DRC crashed. Additional details of the upgraded
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software system can be found elsewhere [5]. ]
200 A
VIIl. OVERALL UPGRADE PERFORMANCE g 1

The requested primary beam intensity during Run Il was 10000 20000 30000 40000 50000 60000

Events per Second

typically 9x 10° protons/s (the average beam intensity deliv-
ered was about 8 10° protons per second). The most probableig. 6. This plot shows the average event-to-tape rate for negative polarity data
rate of cascade triggers was 50 kHz during positive mode afqeiboth Run | and Run 11 (one entry per spill). The width of each distribution
60 kHz during negative mode. The most probable total trigggrdue to variability in the primary beam intensity, spill by spill.
rate, including all calibration and secondary physics triggers,
was 90 kHz during positive running and 95 kHz for negativdesirable, such a system would have required redesigning the
running. The typical event size was smaller than in 19%htire 21 000 channel latching system.
(500 bytes versus 600 bytes) due primarily to improved gatein conclusion, we were able to upgrade a high rate data-ac-
timing. The typical instantaneous data rate generated by dpisition system at minimal cost by incorporating a handful of
HyperCP spectrometer was 36 MB/s (maximum sustainaldastom modules into an existing 21 000 channel system. A novel
instantaneous data rate was 54 MB/s). The observed deadtapelication of front-end buffering (requiring a production run
was 1.7us per event which translated into an 80% live fractiorof only 45 Buffered-Encoder modules) decreased the deadtime
The sustainable data-to-tape rate was 27 MB/s, limited by thefficiently to allow 33% more triggers to be written to tape.
number of tape drives employed. Implementation of event aggregation was achieved through the
Between August 1999 and January 2000, HyperCP wrote B3tallation of five Compressor modules. The subsequent in-
terabytes of data to 20421 8-mm tapes. This represents twicessase ineffectiveevent size (about eight times as large as in
much data as could have been collected without the front-etid 1997 run) increased by 40% the average rate at which data
and DAQ upgrades (see Fig. 6) and effectively tripled the totadere transferred from the Spill Buffer to the VME processors.
HyperCP data set. We estimate that these data contain20%  Installation of 15 fast EBIs increased the data transfer rate by an
fully reconstructable cascade-hyperon decays, twenty milli@alditional factor of 1.6. Writing tape directly from the CPU dou-
of omega-hyperon decays and several hundred million chardded the backplane bandwidth available for event-building. The
K-meson to three charged-meson decays. The limiting event-building and tape-writing code were simplified to facili-
factor in collecting these data was deadtime as additiortate data flow. The net data-to-tape rate increased by a factor of
data-to-tape headroom remained at the chosen operatiwg even though the VME system was reduced from five crates
conditions. Without deadtime, the number of events written to three. The implementation of additional tape drives would
tape would have increased by 25%. No further increase waave increased the bandwidth even further. In brief, to achieve
possible as increased beam intensity would have reduced hingh rates, one should streamline and accelerate data flow, sim-
yield of useful events. Although a zero deadtime system wpkfy code and use parallel structures wherever possible.
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